107538531 

l3 l^ JC06RM'<im/FT0 10 m 2005 



WO 2004/052380 PCT/NL2003/000884 

C HOLESTBROT- T - nOT!P ™ n PRE PARATION f j?nnn grrppT.TCM KNT AND FOODSTUFF , AND ME THODS FOR 

PREPARING SAME 



FIELD OF THE INVENTION 

The present invention relates to cholesterol-lowering preparations, 
in particular to a bacterial preparation for use as a medicament for lowering of 
the blood plasma cholesterol levels. The invention further relates to a 
5 pharmaceutical preparation, a food supplement containing this preparation, a 
foodstuff containing this food supplement, and to methods for their 
preparation. 

BACKGROUND OF THE INVENTION 

10 Cardiovascular disease is caused by a number of synergistic factors, 

the most important being a too high blood cholesterol level. Cholesterol is an 
essential building block for animal and human cells, since it is a component of 
cell membranes. Human cells can synthesize their own cholesterol, but 
cholesterol is also assimilated from food. Both processes play an important 

15 part in cholesterol metabolism. 

Apart from its essential biological role as a building block for cellular 
membranes, cholesterol also has negative effects on human health, as a cause 
of cardiovascular disease (such as, for instance, myocardial infarction, stroke, 
and peripheral vascular disease), more specifically in relation to the occurrence 

20 of atherosclerotic lesions in the blood vessel wall. An elevated plasma 

cholesterol level is the most important predictive risk factor for the occurrence 
of cardiovascular disease and atherosclerosis. 

In blood plasma, cholesterol is transported in so-called lipoproteins, 
which can be subdivided into a number of different classes, based on their 

25 diameter and specific density. The very -low-density lipoproteins (VLDL), the 
intermediate -density lipoproteins (IDL), the low-density lipoproteins (LDL), 
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and the high-density lipoproteins (HDL) constitute the most important classes 
of lipoproteins. 

Experimental and clinical studies have shown that the amount of 
cholesterol transported in the VLDL, IDL and LDL classes of lipoproteins (the 
5 so-called pro-atherpgenic cholesterol) is a risk factor for the occurrence of 

cardiovascular disease. Cholesterol transported in HDL particles, in contrast, 
protects against the development of cardiovascular disease (anti -atherogenic 
cholesterol). 

Randomized, placebo-controlled, prospective clinical studies have 
10 demonstrated that lowering plasma cholesterol has a favourable effect on the 

incidence of cardiovascular disease and on mortality. A prerequisite is, though, 

that the reduction in cholesterol should be due to a reduction in the pro- 

atherogenic cholesterol present in VLDL, IDL and LDL. 

For the treatment and prevention of cardiovascular disease it is therefore 
15 imperative to reduce the pro-atherogenic cholesterol, and to increase, in 

absolute or relative proportion, the antiatherogenic cholesterol. 

A number of approaches are available to reduce plasma cholesterol. The most 

important are: 

■ to inhibit cholesterol biosynthesis; 

20 ■ to increase the removal of cholesterol (and/or its metabolites, specifically 

bile acids) from tissues into the intestinal lumen; 

■ to reduce the absorption of cholesterol and bile acids from the 
gastrointestinal tract. 

Drugs that are nowadays used to inhibit cholesterol synthesis are 
25 often inhibitors of the enzyme hydroxymethyl-glutaryl-coenzyme A reductase 
(HMGCoA reductase), the rate-limiting enzyme in the synthetic pathway to 
cholesterol. These so-called "statins" are molecules that competitively inhibit 
enzyme action. Examples are simvastatin ("Zocor®"), pravastatin 
("Pravachol®") and atorvastatin ("Lipitor®"). Statins are generally chemically - 
30 synthetized derivatives of naturally-occurring fungal metabolites. 
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To increase cholesterol removal a bile acid- adsorbing resin can be 
used (for example cholestyramine, "Questran®"). Because of the adsorption of 
bile acids to the resin, their secretion in the stool is increased, and their re- 
absorption from the gut into the blood is reduced, resulting in a relative loss of 
5 bile acids from the body. Consequently, the liver increases the conversion of 
cholesterol into bile acids, resulting in a net increase in the secretion of 
cholesterol(metabolites) from the body. Because bile acids (by solubilizing 
cholesterol) are essential for the uptake of cholesterol from the lumen into the 
intestinal tissue, a reduction in bile acid content in the intestinal lumen will 

10 also result in a decreased cholesterol uptake. 

Drugs that inhibit the active transport of cholesterol from the 
intestinal lumen to the blood by inhibiting cellular transport systems for 
cholesterol (and related sterols) in the intestinal epithelial cells are still under 
development. One such compound ("Ezetimibe®") has recently been registered 

15 in some countries; other related drugs are still being tested in clinical trials. 

In addition to the use of drugs, the above-mentioned goals can also 
be reached by the use of naturaUy-occurring compounds, or of compounds 
derived from natural products (Hassel, 1998). A statin-like compound occurs 
spontaneously in so-called "red rice", a strain of rice carrying a mould 

20 producing lovastatin. This fungal metabolite is identical to the cholesterol- 
reducing medicament "Mevacor®". Another example is the occurrence, in 
plants, of so-called phytosterols, which competitively inhibit the intestinal 
uptake of cholesterol and bile acids. Phytosterols are nowadays used as 
cholesterol-lowering additives in the margarines "Benecol®" and "Becel Pro- 

25 actif®". 

However, there still exists a need for cholesterol-lowering 
preparations, specifically for use in the food industry, and preferably aimed at 
human nutrition. 



30 



SUMMARY OF THE INVENTION 
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Surprisingly, we have found that addition of a freeze-dried 
preparation of Rhodospirillum rubrum (R. rubrum) to the chow of 
experimental animals considerably reduces the blood cholesterol level of these 
animals. 

5 In a first aspect the invention now provides a preparation of 

Rhodospirillum spp. and/or Phaeospirillum spp. for use as a medicament. Said 
preparation may be any type of preparation such as a cell-free preparation 
comprising cellular compounds only, preferably the membrane fraction, or a 
preparation comprising live or dead Rhodospirillum spp. and/or 
10 Phaeospirillum spp. 

In another aspect the present invention provides a pharmaceutical 
preparation comprising a preparation of Rhodospirillum spp. and/or 
Phaeospirillum spp. and one or more excipients. 

In yet another aspect the present invention provides a plasma 
15 cholesterol-lowering agent comprising a preparation of Rhodospirillum spp. 
and/or Phaeospirillum spp. 

In still another aspect the present invention relates to the use of a 
preparation of Rhodospirillum spp. and/or Phaeospirillum spp. for the 
production of a medicament for lowering plasma cholesterol. 
20 The present invention provides in yet another aspect a food 

supplement with cholesterol-lowering properties, comprising a preparation of 
Rhodospirillum spp. and/or Phaeospirillum spp. 

In another aspect the present invention provides a probiotic with 
cholesterol-lowering properties containing a preparation of live 
25 Rhodospirillum spp. and/or Phaeospirillum spp. 

In another aspect the invention provides a foodstuff comprising a 
food supplement according to the invention. 

In another aspect the invention provides a method for the production 
of a preparation of Rhodospirillum spp. and/or Phaeospirillum spp., 
30 comprising culturing one or more cells of Rhodospirillum spp. and/or 



WO 2004/052380 



PC17NL2003/000884 



5 

Phaeospirillum spp. to a multi-cellular culture, harvesting said culture, and 
processing the cells of said culture into a preparation. A preferred embodiment 
of such a method comprises the processing the cells of said culture into a 
preparation of live Rhodospirillum spp. and/or Phaeospirillum spp. 
5 In another aspect the invention provides a method for the production 

of a food supplement according to the invention, comprising making suitable 
for consumption a preparation of Rhodospirillum spp. and/or Phaeospirillum 
spp. intended for use as a medicament according to the present invention. 

In another aspect the invention provides a method for the production 
10 of a foodstuff according to the invention, comprising incorporating a food 
supplement into a foodstuff. 



DESCRIPTION OF THE FIGURES 

Figure 1 shows the effect on plasma cholesterol and triglycerides in 
15 Wistar rats fed a normal chow, or a chow containing 10% (w/w) R.rubrum, as 
explained in Example 2. * means p<0.001 relative to controls. 

Figure 2 shows the lipoprotein pattern in plasma from Wistar rats 
fed a normal chow diet, and from Wistar rats fed a chow diet containing 10% 
(w/w) R.rubrum, as explained in Example 2. (separation by fast protein liquid 
20 chromatography). 

Figure 3 shows the effect on plasma cholesterol and triglycerides in 
C57B1/6 mice fed a normal chow diet, and a chow diet containing 10% (w/w) 
R.rubrum, as explained in Example 3. * means p<0.003 relative to controls. 

Figure 4 shows the effect on plasma cholesterol and triglycerides in 
25 C57B1/6 mice fed a hypercholesterolaemic "Western-type" diet, and a 

hypercholesterolaemic "Western-type" diet containing 10% (w/w) R.rubrum, as 
explained in Example 4. * means p<0.0003 relative to controls. ** means 
p<0.011 relative to controls. 

Figure 5 shows the lipoprotein pattern in plasma from C57B1/6 mice 
30 fed a hypercholesterolaemic "Western-type" diet, and a hypercholesterolaemic 
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"Western-type" diet containing 10% (w/w) R.rubrum, as explained in Example 
4. (separation by fast protein liquid chromatography). 

Figure 6 shows the effect of different concentrations of R.rubrum in 
a "Western-type" diet on plasma cholesterol after one and two weeks, as 
5 explained in Example 5. * means significantly different from controls after two 
weeks (p<0.001 relative to controls). ** means significantly different from 0% 
Krubrum after one week (p<0.001 relative to controls) (data shown are mean ± 
s.d.). 

Figure 7 shows the lipoprotein pattern of APOE3*Leiden mice fed a 
10 hypercholesterolaemic "Western-type" diet, and containing different 

concentrations of R.rubrum, as explained in Example 5 (separation by fast 
protein liquid chromatography). 

Figure 8 shows the effect of different concentrations of R.rubrum in 
a "Western-type" diet on plasma cholesterol and lathosterol after two weeks, as 
15 explained in Example 5. * means significantly different from controls (data 
shown are mean ± s.d.). 

Figure 9 shows the effect of different concentrations of R.rubrum in 
a "Western-type" diet on plasma cholesterol and p-sitosterol after two weeks, 
as explained in Example 5 (data shown are mean ± s.d.). 
20 Figure 10 shows the synthesis of VLDL-txiglycerides (frame a) and 

the lipid composition of VLDL (frame b) in mice fed a "Western-type" diet 
containing different concentrations of R.rubrum, as explained in Example 5. 

Figure 11 shows the excretion of neutral sterols in faeces of mice fed 
a "Western-type" diet containing different concentrations of R.rubrum, as 
25 explained in Example 5. 

Figure 12 shows the excretion of bile acids in faeces of mice fed a 
"Western- type" diet containing different concentrations of R.rubrum, as 
explained in Example 5. 
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Figure 13 shows the excretion of neutral sterols plus bile acids in 
faeces of mice fed a "Western-type" diet containing different concentrations of 
R.rubrum, as explained in Example 5. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Rhodospirillum is a genus in the family Rhodospirillaceae, a family 
of purple non-sulphur bacteria of the Order Rhodospirillales and the Class 
Alpha-proteobacteria. Rhodospirillaceae are, among other characteristics, 
characterized by being phototrophic, and growing both aerobically and 

10 anaerobically, using light as an energy source. To that purpose, the bacteria 
contain chlorophyll b. Within the genus Rhodospirillum, three species are 
distinguished, e.g. Rhodospirillum rubrum (Imhoff and Triiper, 1992), 
Rhodospirillum centenum and Rhodospirillum photometricum. Additionally, 
four species are not officially recognized, vz. Rhodospirillum salexigens, 

15 Rhodospirillum salinarum, Rhodospirillum sodomense, and Rhodospirillum 
tenue. In the genus Phaeospirillum, another member of the family 
Rhodospirillaceae, two species are included: Phaeospirillum fulvum and 
Phaeospirillum molischianum. (For nomenclature see Imhoff et al (1998); 
Euzeby (2003); and reference 1). 

20 Rhodospirillum rubrum is found, among others, in natural waters, 

in mud, and in sewage treatment plants. The bacterium is used in sewage 
purification, for biomass production of animal foodstuff (for example as feed for 
poultry and fish), and as a fertilizer. Biomass of phototrophic bacteria is 
considered an excellent raw material for animal feed because of its high 

25 content of vitamins and amino acids. 

The use of Rhodospirillum rubrum as animal feed has been 
practiced for some time (Imhoff and Triiper, 1992). The present inventors, 
however, surprisingly found that R.rubrum may importantly contribute to the 
prevention of cardiovascular disease by lowering the cholesterol level in blood 

30 plasma and/or blood serum (blood). 
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A cholesterol-lowering property is herein defined as the capability of 
a composition, a preparation, a food supplement or a foodstuff, when 
administered to the body of a subject in the appropriate maimer, to lower the 
cholesterol level of the blood of said subject. Methods for measuring the level of 
5 cholesterol in blood are known to the skilled person. 

A preparation of Rhodospirillum spp. and/or Phaeospirillum spp. is 
herein defined as an amount of cellular material of Rhodospirillum spp. and/or 
Phaeospirillum spp. which has been processed in some way. A preparation of 
Rhodospirillum spp. and/or Phaeospirillum spp. may, according to some 

10 embodiments of the present invention, comprise a cellular extract, or a 
component with cholesterol-lowering properties isolated from cells, or a 
concentrate of whole cells, or a concentrate of broken cell fragments. Such a 
preparation may preferably comprise the membrane fraction. In addition, a 
preparation may, according to the invention, contain freeze-dried 

15 Rhodospirillum spp. and/or Phaeospirillum spp., which cells are still largely 
alive and able to resume cell division under more favourable circumstances. 

A preparation according to the invention may very well consist of 
one species from the genus Rhodospirillum, but mixtures of different 
Rhodospirillum spp. such as Rhodospirillum rubrum, Rhodospirillum 

20 centenum, Rhodospirillum tenue, Rhodospirillum photometricum, 

Rhodospirillum salexigens, Rhodospirillum salinarum, and/or Rhodospirillum 
sodomense, or mixtures of Phaeospirillum spp., such as Phaeospirillum fulvum 
and Phaeospirillum molischianum may also be used. Combinations of 
Rhodospirillum spp. and Phaeospirillum spp. are also encompassed in the 

25 present invention. 

Preferably, a preparation of Rhodospirillum spp. and/or 
Phaeospirillum spp. comprises Rhodospirillum rubrum and/or Phaeospirillum 
molischianum, still more preferably the type species Rhodospirillum rubrum 
strain ATCC 11170 (strain DSM 467) or strain ATCC 25903 and/or 

30 Phaeospirillum molischianum strain DSM 120. (ATCC, American Type 



WO 2004/052380 



PCT/NL2003/000884 



Culture Collection; DSMZ, Deutsche Sammlung von Mikroorganismen und 
Zellkulturen). 

A preparation of Rhodospirillurn spp. and/or Phaeospirillum spp., in 
embodiments of the present invention, may well contain 20-100% (w/w), 
5 preferably 40-100% (w/w), even more preferably 60-100% (w/w), and optimally 
80-100% (w/w) of cellular material from Rhodospirillurn spp. and/or 
Phaeospirillum spp., said cellular material preferably being the membrane 
fraction or live or freeze-dried whole cells. In addition, a preparation may 
contain other components, depending upon the way the selected preparation is 

10 to be prepared. For instance, a preparation may still contain water, or, in the 
case of a freeze-dried preparation, glycerol or sucrose. 

In a preferred embodiment, a freeze-dried preparation of 
Rhodospirillurn spp. and/or Phaeospirillum spp. is mixed with filling materials 
such as microcrystalline cellulose (MCC) or mannitol, with a binder such as 

15 hydroxypropylcellulose (HPC), and/or lubricants, such as stearic acid and/or 
other excipients, and pelleted as a dry powder, or prepared for application in a 
different way. 

Such a preparation of Rhodospirillurn spp. and/or Phaeospirillum 
spp. is very suitable for use as a medicament or pharmaceutical preparation to 
20 lower plasma cholesterol levels, preferably in human plasma. The preparation 
may also contain living cells of Rhodospirillurn spp. and/or Phaeospirillum 
spp., or dead cells, or cell remnants, etc. 

Alternative embodiments of a preparation according to the present 
invention are equally possible. For instance, a preparation can be supplied as a 
25 fluid preparation containing solid components suspended, dispersed or 

emulsified in a watery fluid. Such a composition can be used directly as a 
preparation according to the invention, or be processed into a food supplement 
in an alternative embodiment. 

In the present invention a food supplement is defined as a 
30 formulation that may be consumed in addition to a normal diet and that 
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contains components that do not occur in a normal diet, or that occur in low 
amounts or in insufficient amounts, while sufficient or increased consumption 
of these components is desired. Preferably, a food supplement is composed 
such that it is suitable for human consumption. Consequently, a food 
5 supplement as defined in the present invention should preferably have a 
texture, taste and smell, but also a nutritional value, that makes the 
supplement suitable for human consumption. 

In embodiments of the present invention a food supplement with 
cholesterol-lowering properties comprises a preparation of Rhodospirillum spp. 

10 and/or Phaeospirillum spp. 

A food supplement according to the invention may suitably contain 
from 0.1 to 99.9 % (w/w) of a preparation of Rhodospirillum spp. Preferably, a 
food supplement contains 10% to 90% (w/w), even more preferably 30 to 75% 
(w/w), of a preparation of Rhodospirillum spp and/or Phaeospirillum spp. 

15 To make a food supplement comprising a preparation of 

Rhodospirillum spp. and/or Phaeospirillum spp. suitable for consumption, 
components may be added to improve, for instance, texture, taste or smell. 
Consequently, a food supplement according to the invention may comprise 
(additional) sources of protein, carbohydrate and fat, and vitamins, minerals, 

20 electrolytes, trace elements, and other suitable components, so that the food 
supplement may itself be used as a nourishing food. 

As a source of protein each and every protein that is suitable for use 
in nutritional formulations, and mixtures of these, can be used in a food 
supplement according to the invention. This type of proteins encompasses for 

25 instance animal proteins such as whey proteins, whey protein concentrates, 
whey powder, egg protein, egg albumin, casein, or milk albumin, and plant 
proteins such as soy protein, soy meal, or proteins from soy milk. For choosing 
the source of proteins to be used, the biological value of a protein may 
constitute an important criterion. Caseinate, including calcium caseinate, but 

30 also whey, milk albumin, egg albumin, and total egg proteins, for instance, are 
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proteins with a very high biological value, because they contain a large 
proportion of essential amino acids. 

Suitable carbohydrates to be used in a food supplement according to 
the invention might, for instance, be simple short-chain carbohydrates such as 
5 mono- and disaccharides, but also polysaccharides, or a combination of both. A 
carbohydrate may be selected because of its suitable organoleptic properties. A 
complex carbohydrate may suitably be used as a food fibre. 

A food supplement according to the invention may contain, in some 
embodiments combinations of both simple and complex carbohydrates. As fat 
10 all edible oils and fats can be used. 

Vitamins and minerals may be added, in conformity with the rules of 
the regulatory health authorities, and may encompass all vitamins and 
minerals endorsed by the above authorities, for instance vitamin A, Bl, B2, 
B12, C, D, E, and K, and folic acid, niacin, panthotenic acid, and biotin. As 
15 minerals for instance iron, zinc, iodine, calcium, magnesium, chromium, and 
selenium may be added. 

Electrolytes such as sodium, potassium, and chloride, and trace 
elements and other additives may also form part of a food supplement 
according to the invention. Such components are, if present, preferably used in 
20 the recommended concentrations. Additionally, a food supplement according to 
the invention may contain components improving its texture, colourings and 
flavourings, aromatic substances, spices, fillers, emulgators, stabilizing 
compounds, preservatives, antioxidants, fibres, and other supplements such as 
amino acids, choline, lecithin, fatty acids, etc. The choice of such components 
25 will depend upon formulation, design, and preferences. The amounts of such 
components that can be added are known to the skilled person, while the 
choice of the amounts to be added may be guided by considering the 
recommended daily amounts (RDA) for children and adults. 

Emulstfiers may be added to stabilize the final product. Examples of 
30 acceptable emulsifiers are lecithin (e.g., soy or egg), and/or mono- and di- 
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glycerides. As stabilizers, carobe, guar or carrageenan may, for instance, be 
used. 

Preservatives may be added to increase the shelf life of the product. 
Preferably, preservatives such as sodium sorbate, potassium sorbate, 
5 potassium benzoate, sodium benzoate, or calcium disodium EDTA are used. 

In addition to the carbohydrates mentioned above, natural or 
synthetic sweeteners, such as saccharides, cyclamates, aspartamine, 
acesulphame potassium, and/or sorbitol, may be added to the food supplement. 

The amounts of food supplement to be consumed can vary in size, 
10 and are not necessarily restricted to the dosages mentioned in the dosages 

advised. The term "food supplement" is not meant to be restricted to a specified 
weight, or to a specified dose of the food supplement. 

The composition of a food supplement according to the invention can 
in principle take any form that is suitable for human or animal consumption. 
15 In a preferred embodiment, the supplement is a dry powder that is suitable to 
be suspended, dispersed or emulsified in a watery fluid such as coffee, tea, 
broth, or fruit juice. To that end, the powder may be supplied in a dispenser. 

In an alternative preferred embodiment, the supplement is 
formulated, starting from dry powder, as a tablet. To this end, the composition 
20 of a food supplement according to the invention can suitably be supplied with 
fillers such as microcrystalline cellulose (MCC) and mannitol, binders such as 
hydroxypropylcellulose (HPC), lubricants such as stearic acid, and other 
excipients. 

A food supplement according to the invention may also be supplied 
25 as a fluid, in which the solid components have been suspended, dispersed or 
emulsified. Such a composition may be directly mixed into a foodstuff, or can 
for instance be extruded and formatted into granules or other forms. 

In an alternative embodiment, a food supplement may be formulated 
in a solid form, such as a bar, a biscuit, or a roll. 
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A food supplement is preferably formulated for oral consumption, 
possibly in combination with an acceptable carrier such as a capsule, a tablet, 
a water-miscible powder, or another form acceptable for administration, but 
may also be processed into a foodstuff. 
5 Other aspects of the present invention concern ways of producing a 

preparation, a food supplement, or a foodstuff according to the invention. 

A method for the production of a preparation according to the 
invention may well involve the steps necessary for culturing cells of one or 
more Rhodospirillum spp. and/or Phaeospirillum spp., to harvest the said 

10 culture, and to process the cells of the said culture into a preparation. 

Details of such methods are, among others, described in the 
examples mentioned below. The skilled person will understand that various 
alternative methods can be used. 

During the culturing of cells of Rhodospirillum spp. and/or 

15 Phaeospirillum spp. anaerobic and phototrophic conditions are applied. As a 
carbon source, various organic nutrients can be used. Very suitable culture 
media and growth conditions for cells of Rhodospirillum spp. and/or 
Phaeospirillum spp. are for example "Segers and Verstraete medium" (Segers 
and Verstraete, 1983), using lactic acid (about 2.7 gram/L) as a carbon source, 

20 at a pH of about 6.8-6.9, and at a temperature of 25-37°C, preferably adapted 
to the specific requirements of the micro-organism involved, at constant light 
intensity from for instance strip lighting (light intensity 300 quanta. nr 2 .^ 1 ) 
and anaerobically. Other media suitable for culturing Rhodospirillum spp. 
and/or Phaeospirillum spp. are for example "modified Rhodospirillaceae 

25 medium" (DSMZ medium #27, DMSZ GmbH, Braunschweig, Germany), or 

Cens medium (DSMZ medium # 748). The cells are suitable to be cultured to a 
density of 0.01 - 50 mg/mL, preferably 1-5 mg wet weight / mL. 

Cells may equally be grown anaerobically at 30 °C in 1 liter flasks 
containing a medium constituted out of 3.1 ml/1 60% DL-lactate solution, 3 g/1 

30 bacteriological peptone and 3 g/1 yeast extract in tap water, the pH of the 
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medium being 6.8, and illuminated with an average photon radiation strength 

of 50 jiiM quanta.nr 2 ^- 1 , using 3 Tungsten lamps of 40W. After 3 days of 

growth, the optical density at 660 nm amounted 3.5 (1.2 g/kg dry weight). 

Once the cells have reached a suitable cell density, they can be 
5 processed into a preparation according to the invention using separation from 

the growth medium or harvesting by, for instance, centrifugation or filtration. 

The concentrated cell mass can then be used, either directly or after further 

processing, as a preparation according to the invention. 

Further steps in the processing of cell material of Rhodospirillum 
10 spp. and/or Phaeospirillum spp. to obtain a usable preparation could involve, 

for example, a washing step, but might also involve further processing of the 

cells by extraction, or freeze-drying. 

A further step in the processing of cell material of Rhodospirillum 

spp. and/or Phaeospirillum spp. to obtain a usable preparation could involve 
15 the sonication of cells, followed by the separation of membranous material 

from cytoplasm a tic material by centrifugation; followed by a further washing 

and recentrifugation step. A food supplement according to the invention may 

suitably be used to reduce intestinal cholesterol absorption, thus reducing the 

cholesterol level of blood plasma. 
20 Another embodiment of the invention involves the application of a 

food supplement in a foodstuff with cholesterol-lowering properties. 

A method to prepare a cholesterol-lowering foodstuff involves the 

production of a foodstuff incorporating a food supplement. Such a method 

might involve a step in which a foodstuff is first prepared in the normal way, 
25 followed by the addition of a preparation of Rhodospirillum spp. and/or 

Phaeospirillum spp. to the prepared foodstuff. Also, it is possible to add a 

preparation of Rhodospirillum spp. and/or Phaeospirillum spp. to the foodstuff 

during its production. 
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A foodstuff with cholesterol-lowering properties according to the 
invention contains characteristically 0.1 to 20% (w/w), preferably 1 to 10% 
(w/w), of the food supplement described above. 

The present invention involves finally a preparation of 
5 Rhodospirillum spp. and/or Phaeospirillum spp. to be used in a medicament to 
lower the cholesterol level of blood plasma. Preferably, such a preparation 
should involve the species Rhodospirillum rubrum and/or Phaeospirillum 
molischianum. 

The invention will now be illustrated by the following examples, 
10 which should not be interpreted as limiting the present invention in any way. 
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EXAMPLES 

Example 1. Production of Rhodospirillum rubrum. 

R.rubrum strain ATCC 25903 was used for the production of the 
biomass used in the experiments. Freeze-dried cells were rehydrated in 
5 medium R8AH (ATCC medium 550), and cultured in "Segers and Verstraete 
medium" (see above), using lactic acid (2.7 g/L) as a carbon source, at pH 6.9 ± 
0.1. The final culture of the biomass used in the experiments took place in 20 
liter-biore actors, in the same culture medium, at 30 ± 1 °C, pH 6.8 ± 0.1, and at 
constant light intensity (strip light; 300 \iM quanta.m-2.s- 1 ), under anaerobic 
10 conditions. After five days of culture, the biomass (3.4 gram wet weight/L) was 
harvested by continuous centrifugation, stored at -40°C, and freeze-dried. 

Example 2. Another way of producing Rhodospirillum rubrum. 

To examine the effect of culture conditions on the effectiveness of 

15 lowering the cholesterol level, R. rubrum ATCC 25903 was also grown 

anaerobically at 30 °C in 1 liter flasks containing a medium constituted out of 
3.1 ml/1 60% DL-lactate solution, 3 g/1 bacteriological peptone and 3 g/1 yeast 
extract in tap water. The pH of the medium was 6.8. The flask were incubated 
in an incubator (New Brunschwick Scientific, model G 25) on a magnetic 

20 stirrer (Variomag multipoint HP15).The flasks were illuminated with an 

average photon radiation strength of 50 pM quanta.nr 2 .s using 3 Tungsten 
lamps of 40W. After 3 days of growth, the optical density at 660 nm amounted 
3.5 (1.2 g/kg dry weight) and cells were harvested by centrifugation at 6500 g, 
washed with demineralized water and freeze dried (VirTis freezemobile 24). 

25 R.rubrum cultured in this way produced the same effect on plasma cholesterol 
levels as did R.rubrum cells cultured as described in Example 1, which were 
used in most examples. 

Example 3. Applicability of another strain of Rhodospirillum rubrum. 
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Another R. rubrum strain, DSM 467, was grown anaerobically at 25 
°C in the same way in the same medium as described for Example 2. Cells 
were harvested after 3 days of growth at an optical density at 660 nm of 4.5 
(dry weight 1.4 g/kg) and dried as described for Example 2. 
5 Strain DSM 467 produced the same effect on plasma cholesterol levels as did 
strain ATCC 25903, which was used in most examples. 

Example 4. A pplicability of the species Phaeosvirillum molischianum. 

Another photosynthetic bacterium, Phaeospirillum molischianum 
10 DSM 120, was grown in 1 liter flasks with ATCC 550 medium at 25 °C under 
anaerobic conditions as described for Example 2. Cells were harvested after 3 
days of growth at an optical density at 660 nm of 4.0 (dry weight 1.2 g/kg) and 
dried as described for Example 2. 

15 Example 5. Effect of R.rubrum on chow-fed rats. 

Male Wistar rats were fed a semi-synthetic rat chow, meeting 
nutritional requirements (as defined in reference 9) (Hope Farms, Woerden, 
the Netherlands). One group of eight rats was given this basic chow. A second 
group of eight rats was given the same chow, but now containing in addition 

20 10% (w/w) of freeze-dried R.rubrum (in exchange for sucrose). Both groups 
consumed approximately the same amount of food (31 ± 7 gram/day), and 
showed the same increase in body weight over time. After eight weeks, all 
clinical chemistry-parameters measured (plasma glucose, uric acid, urea, 
creatinine, GOT, GPT, haematocrit, and haemoglobin, and urinary glucose and 

25 protein) were similar in both groups, except plasma cholesterol and plasma 
triglycerides. Plasma cholesterol was significantly lower in the group fed the 
tf.rufcrum-containing diet (1.2 ± 0.1 mmol/L vs. 1.6 ±0.1 mmol/L; t-test, 
p<0.0001), as were plasma triglycerides (0.5 ± 0.1 mmol/L vs. 1.4 ± 0.6 mmol/L; 
p<0.001) (Figure 1). 
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Separation of the plasma lipoproteins by fast-protein-liquid 
chromatography (fplc, AKTA system of Pharmacia-Amersham) showed that 
the decrease in cholesterol and triglycerides was due to a decrease of the 
plasma LDL fraction, while the HDL fraction remained unchanged in the 
5 Krubrum-fed animals (Figure 2). The R.rubrum-induced decrease in plasma 
cholesterol was thus specifically due to a decrease in LDL-cholesterol. Methods 
used for measuring cholesterol and triglycerides, and for separating 
lipoproteins by fplc have been described by van VTijmen et al (1996) and Post 
et al (2000). 

10 

Example 6. The effect of R.rubrum on chow-fed mice. 

Ten C57Black/6 mice were fed a normal semi-synthetic mouse chow 
for seven days. Five mice were subsequently given the same chow for another 
seven days, while the remaining five mice were given for seven days the same 

15 mouse chow, but now containing 10% (w/w) of R.rubrum. Food intake was not 
significantly different between groups, and averaged 2.6 - 2.8 
gram/mouse. day. After seven days, the plasma cholesterol level was 1.52 ± 0.07 
mmol/L in the Krubrum-fed mice, significantly lower than the plasma 
cholesterol level in the control group (1.86 ± 0.15 mmol/L; t-test, p=0.003) 

20 (Figure 3). Plasma triglyceride levels were unchanged. 

Example 7. Effect of R. rubrum in mice fed a "Western-type" diet. 

Ten C57Black/6 mice were fed for three weeks a semi-synthetic diet, 
the so-called "Western-type" diet, a diet containing 15% (w/w) fat, and 0.25% 
25 (w/w) cholesterol (Nishina et al, 1990). Subsequently, five mice were fed the 
same diet for seven days, while another five mice were fed the same diet but 
containing in addition 10% (w/w) R.rubrum (some cholesterol was also added 
to this diet to keep its cholesterol content at 0.25%). After these seven days , 
the cholesterol level in the control group was 3.07 ± 0.18 mmol/L, while in the 
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group fed the diet containing R.rubrum the cholesterol level was 2.26 ± 0.21 
mmol/L (t-test, p = 0.0003) (Figure 4). Plasma triglycerides were not decreased. 
Separation of the lipoproteins by iplc, showed that the LDL-cholesterol had 
practically disappeared from the plasma of mice fed the Western-type diet 
5 containing R.rubrum, while the HDL-cholesterol showed no inter-group 
difference (Figure 5). 

Example 8. Effect of R.rubrum in transgenic APOE*3Leiden mice fed a 
"Western-type" diet. 

10 In this experiment mice were used in which the human gene for the 

so-called Leiden mutation of apolipoprotein E3 (APOE*3Leiden) had been 
incorporated by transgenesis. Because of this transgenic change, these so- 
called APOE*Leiden mice have a humanized lipoprotein profile, and are 
extremely suitable for studying the effect of compounds on lipoprotein 

15 metabolism (van Vlijmen et al, 1996;1998). 

The study design was as follows: groups of mice were fed for 5 weeks 
"Western-type" diet (see above) containing 0.25% (w/w) cholesterol. This diet 
increased their plasma cholesterol level to 13-14 mmol/L. Subsequently, the 
mice were randomized, on the basis of their plasma cholesterol level, into 

20 groups of six mice each. These groups were given the same diet, but containing 
in addition 0, 0.625, 1.25, 2.5, 5 or 10 % (w/w) freeze-dried R.rubrum. The 
cholesterol content of the diet was kept at 0.25% by adding cholesterol as 
required. 

During the experiment, body weight and food intake were 
25 monitored. After the dietary change, blood was taken weekly to determine 

plasma cholesterol and triglyceride levels. Also, the plasma lipoprotein pattern 
was determined groupwise in pooled samples by fplc. In addition, faeces were 
collected weekly on a group basis. After three weeks, VLDL secretion was 
measured in the groups fed 0% and 10% R.rubrum (terminal experiment). The 
30 group fed 0.625% R.rubrum was then changed to a diet containing 0% 



WO 2004/052380 



PCT/NL2003/000884 



20 

R.rubrum, the group fed 2.5% R.rubrum to 5% R.rubrum, and the group fed 
5% R.rubrum to 10% R.rubrum, to replace the two groups sacrificed. After 
another week, hlood was again sampled from the four remaining groups. 
The results can be summarized as follows: 
5 ■ the plasma cholesterol level was significantly reduced in the groups fed 

5% or 10% R.rubrum 

■ cholesterol lowering was already very significant after one week in the 
10% R.rubrum group (p<0.0001), and after two weeks also in the 5% 
R.rubrum group (p<0.001), and remained so for the three-week period 

10 (Figure 6) 

■ this lower cholesterol level was due to a lowering of cholesterol in the 
VLDL and LDL fractions, while the amount of cholesterol in the HDL 
fractions did not change (Figure 7) 



15 To decide whether the cholesterol lowering was due to inhibition of 

cholesterol synthesis, the plasma concentration of lathosterol, a side product of 
the cholesterol synthesis pathway, was measured (Kempen et al, 1988). The 
plasma lathosterol level was not significantly different between the groups fed 
0, 5 or 10% R.rubrum; while, as mentioned above, the plasma cholesterol level 

20 was significantly lower in the 5% and 10% groups (Figure 8). The ratio of 
plasma lathosterol to plasma cholesterol even increased significantly in the 
mice fed R.rubrum (ANOVA< p<0.026). Since the (relative) lathosterol 
concentration is a good reflection of the rate of cholesterol synthesis (Kempen 
et al, 1988), it can be concluded that the lowering of plasma cholesterol in the 

25 5% and 10% R.rubrum-fed groups was not due to a decreased rate of 
cholesterol synthesis. 

The plasma levels of camposterol and B-sitosterol, two sterols that 
occur only in plants and can thus only be present in plasma after uptake from 
the intestines, decreased significantly in the groups fed either 5% or 10% 

30 R.rubrum (Figure 9). The ratio of the plasma concentration of B-sitosterol to 



WO 2004/052380 



PCT/NL2003/000884 



21 

cholesterol did not change significantly (ANOVA, p=0.26), however; neither did 
the ratio of plasma camposterol to cholesterol. (ANOVA, p=0.98). 
Since the plasma concentration of cholesterol is determined by its rate of 
synthesis and its rate of absorption from the intestines, the fact that these 
5 ratios remained similar (camposterol, p-sitosterol; compare Miettinen et al, 
1990) or increased (lathosterol) demonstrates that the decrease in the plasma 
cholesterol concentration cannot be due to a decrease in cholesterol synthesis, 
but must rather be ascribed to an decreased absorption of sterols from the 
intestinal lumen. 

10 The synthesis of VLDL by the liver (measured as described by Post 

et al, 2000) was not significantly different in the group fed 10% R.rubrum, 
relative to the control group (Figure 10a,b). Although, after the injection of 
Triton WR1339, plasma triglyceride concentrations increased more rapidly in 
the group fed 10% R.rubrum than in the control group (Figure 10a), this 

15 should be ascribed to the higher amount of triglycerides in the VLDL fraction 
of R.rubrum-fed mice (Figure 10b), rather than to an increase in the secretion 
of VLDL particles by the liver. 

The faecal excretion of neutral sterols (especially cholesterol) 
increased in the mice treated with R.rubrum (Figure 11), while the faecal 

20 excretion of bile acids also increased slightly (Figure 12). Consequently, the 
faecal excretion of all sterols jointly (neutral sterols plus bile acids) increased 
(Figure 13) (see also text Tables la and b). 

Example 9. Effect of a membrane fraction of Rhodosvirillum rubrum on 

25 plasma cholesterol level in APOE*3Leiden mice. 

Five gram of freeze-dried R.rubrum was suspended in 25 ml of 
water, and sonicated in a Branson Sonifier B-12 for one minute at full 
strength. The sonicate was then centrifuged at 21,000 rpm, and the 
supernatant and pellet were separated. The pellet was resuspended and 

30 recentrifuged. Pellet and supernatant were separately mixed into the W-diet 
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(described above) containing 0.25% cholesterol to 10% (w/w), assuming both 
pellet and supernatant to be equivalent to 5 gram of freeze-dried R.rubrum 
(i.e., the starting material). Groups of six APOE3*Leiden mice were fed diet W, 
or the diet W but also containing the pellet (membraneous) material, or the 
5 diet W but also containing the cytoplasmic material, for two weeks. At week 2, 
plasma cholesterol was 15.7 ± 1.6 mmol/L in the mice fed the control diet W, 
in the mice fed the diet W also containing the cytoplasmic material, plasma 
cholesterol was 14.4 ±2.1 mmol/L, while in the mice fed the diet W also 
containing the membraneous material, the plasma cholesterol was 6.7 ±0.9 
10 mmol/L, a significant reduction of 57% relative to the control group (t-test; 
pO.001). 



Example 10. Effect of Phaeosvirillum molischianum oh plasma cholesterol 
level in APOE*3Leiden mice. 

15 Eleven APOE*3Leiden mice were fed the "Western-type" diet (see 

above) containing 0.25% (w/w) cholesterol. This diet increased their plasma 
cholesterol level to 9 ± 3 mmol/L. Subsequently, the mice were randomized, on 
the basis of their plasma cholesterol level, into groups of six mice each. The 
two groups were given the same diet, but containing in addition 0 or 10 % 

20 (w/w) freeze-dried Phaeospirillum molischianum, as described above for 
R.rubrum. After ten days of feeding, plasma cholesterol averaged 10 ± 4 
mmol/L in the group not given P. molischianum (paired t-test: not significant), 
and 5 ± 2 mmol/L in the group given 10% P. molischianum in the feed (paired 
t-test: p<0.05). 



25 
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In summary: 

These experiments show that adding 5% (w/w) or 10% (w/w) of 
R.rubrum to a "Western-type" diet reduces, in APOE*3Leiden mice, plasma 
5 cholesterol levels significantly. This decrease 

1. can fully be ascribed to a decrease of cholesterol carried in (pro- 
atherogenic) VLDL and LDL particles, while (anti- atherogenic) HDL 
cholesterol remains unchanged; 

2. is not caused by a decrease in cholesterol synthesis, since plasma 

10 lathosterol levels do not change, while the synthesis/secretion of VLDL 

by the liver is also unchanged; 

3. is not due to an increased excretion of bile acids, which is only slightly 
increased; but 

4. is therefore most likely due to a decreased absorption of sterols from the 
15 intestines, as reflected by the increased excretion of cholesterol in the 

faeces (see Text Table la), and the decrease in plasma camposterol and 
0-sitosterol concentrations. 

5. is caused by membraneous cellular material, not by soluble 
cytoplasmatic cellular material. 

20 The cholesterol-lowering effect is caused by R.rubrum cultured 

under different conditions, is caused by at least two different strains of 
R.rubrum (ATCC 25903 and DSM 467), and is also caused by a related species, 
P. molischianum. 
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Text Table la 
Sterol balance 

in APOE*3Leiden mice fed "Western-type" diet, containing 0.25% 
(w/w) cholesterol and varying amounts of R.rubrum 


Concentration 
of R.rubrum 
in the diet 
(% w/w) 


INPUT 

cholesterol 
in the food 
eaten 
(a) 


OUTPUT 

sterols 
excreted 
in faeces 
(b) 


OUTPUT 

bile acids 
excreted 
in faeces 


OUTPUT 

total excreted 
in faeces 


0 


78 


38 


14 


52 


0.625 


78 


41 


18 


59 


1.25 


78 


52 


17 


69 


2.5 


78 


48 


15 


63 


5 


78 


63 


17 


80 


10 


78 


68 


25 


93 



All data are expressed as |imoles per 100 gram mouse per day 
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Text Table lb 



Intestinal cholesterol absorption 

in APOE*3Leiden mice fed "Western-type" diet, containing 0.25% 
(w/w) cholesterol and varying amounts of R.rubrum 



Concentration 


Cholesterol 


Cholesterol 


Cholesterol 


oi R.rubrum 


absorbed 


absorbed 


absorbed 


JXL UlltJ LU-tJ U 


yxiiioies per iuu 


(.as to ot input) 


(.as % oi control 


(% w/w) 


gram body weight 
per day) 
[(a) minus (b)] 




group) 


0 


40 


51 


100 


0.625 


37 


48 


93 


1.25 


26 


33 


64 


2.5 


30 


38 


75 


5 


15 


19 


37 


10 


10 


12 


24 



(a) and (b) refer to Text Table la. 
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